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Pressure pulse generator 
TECHNICAL FIELD 

The present invention relates to a pressure pulse generator that comprises a 
circuit filled with pressure fluid, and at least one communication channel that is 
connected to the circuit and via which the pressure fluid can flow into and out 
of the circuit. The invention also relates to a pressure pulse generator element 
and a method of controlling the pressure pulse generator, as well as use of the 
pressure pulse generator for operating a valve in an internal combustion engine. 

The invention is applicable to all types of technical areas in which pressure 
pulses are to be generated. In particular, it is applicable to applications that 
poses high requirements on the speed with which the pulses can be generated 
and on the duration period of the individual pulses. 

Internal combustion engines define such, a field in which pressure pulses can be 
used in order to control and operate the movement of the valves of the combus- 
tion engine instead of operating and controlling the valve movements by means 
of a conventional transmission of the piston movement of the engine to the 
valves via a cam shaft. 

Therefore, the invention will be described by way of example, but not in a de- 
limiting way, with reference to the application in which it is used for controlling 
and operating the valves to the combustion chamber of a combustion engine. 

BACKGROUND OF THE INVENTION 

Since many years, the designers of internal combustion engines have seen a 
need of being able to vary the valve periods during the operation of the engine, 
as this would result in great advantages with respect to, amongst others, fuel 
economy and emissions. 
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Therefore, extensive efforts have been made in order to replace conventional 
cam shaft systems for the opening and closing of engine valves by systems that 
are based on the use of electromagnetism for controlling and operating the 
valves of the engine. The disadvantage of such solution is that the high require- 
ments on the speed by which the valves can be operated will result in high re- 
quirements on the electromagnets that are used. The mass that each electro- 
magnet has to bring into motion corresponds to the mass of the valve. The valve 
must comprise a suitable magnetic material in order to be displaced by the ac- 
tion of one or more electromagnets, and such materials contribute to an in- 
crease of the mass of conventional valves. This often results in a evil circle in 
which an improvement of the valve from a magnetic point of view will result in a 
weight increase that, in its turn, results in a need of larger and more powerful 
electromagnets. Accordingly, in this way, it will be difficult to achieve an eco- 
nomically and practically good solution to the problem of obtaining a sufficiently 
fast control and operation of the valves of the engine. Moreover, it is well known 
that electromagnets will require a certain time for magnetising and demagne- 
tising. 

There are also efforts being made to obtain the requested movements of the en- 
gine valves by means of hydraulics. Today, such systems are tested by, amongst 
others, vehicle manufacturers. The pressure fluid, here the hydraulic liquid, is 
in this case used in order to effect the engine valve movement. Thereby, it is re- 
quired that the pressure pulse generator that is used has an ability to deliver 
the pressure pulses that cause the valve movements rapidly and with high pre- 
cision. The present inventor does not know any pressure pulse generator ac- 
cording to prior art that has the performance required to satisfyingly cope with 
the valve control at the rotations per minute of the engine that is used today in 
two-stroke and, in particular, four- stroke combustion engines. An obstacle to 
the accomplishing of such a pressure pulse generator may be the difficulty to 
achieve sufficiently rapid opening/ closing movement of the valve or valves that 
is/ are required in such a pressure pulse generator. Here, it should be men- 
tioned that valves are often replaced by ports in modern two- stroke engine con - 
structions, but that the present invention results in the possibility of using valve 
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technology in two-stroke engines in a way corresponding to that of four-stroke 
engines. 

In this context, it should also be mentioned that the pressure pulse generators 
that may come in question should be compact and occupy only a small space in 
combustion engine applications. 

THE OBJECT OF THE INVENTION 

An object of the present invention is to provide a pressure pulse generator that 
is able to deliver pressure pulses of short duration and of variable length with 
high time precision and rapidity in order to effect any object. A further object is 
to provide a method that makes it possible to deliver pressure pulses with high 
time precision and rapidity. 

A further object of the invention is to provide a pressure pulse generator ele- 
ment that can be used in a pressure pulse generator in order to make it easier 
for the latter to deliver short pressure pulses of variable length with high time 
precision and rapidity. 

SUMMARY OF THE INVENTION 

The object of the invention is achieved by means of a pressure pulse generator 
of the initially defined type that is characterised in that it comprises a first pair 
and a second pair of electronically controlled valves that are connected in series, 
and that the first pair of valves is arranged in said circuit upstream the at least 
one communication channel, and that the second pair of valves is arranged in 
said circuit downstream the at least one communication channel. 

As the valves of the pair of valves are electrically controlled, the opening and 
closing of the valves can be controlled with high precision. The movements of 
the valves included in a pair of valves can be co-ordinated in such a way that 
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they occur somewhat displaced in time, whereby reduced opening/ closing times 
can be obtained. 

The valves of the pressure pulse generator are preferably slide valves arranged 
t 0 be displaced cross-wise a channel in the pressure fluid circuit that they are 
provided to close or open for passage of the pressure fluid. The valves of the pair 
of valves are, preferably, electromagnetically controlled, as such valves have the 
advantage of being able to operate both with high speed and precision. 

According to a preferred embodiment the valves of each pair of valves are inter- 
connected by two separate, parallel channels that lead from a first valve of the 
pair of valves to a second valve of the pair of valves, each valve being arranged 
to execute a closing or opening of each channel. This construction promotes a 
further refined control of the opening and closing of each individual pair of 
valves in a way that will be described more in detail later. 

The valves of the pair of valves are arranged to occupy a first position in which 
they close a first channel of said channels and open a second one of said chan- 
nels, and a second position in which they open the first channel and close the 
second channel. In order to make the pair of valves able to close, the first valve 
of each respective pair of valves is arranged to move towards and occupy its first 
position at the same time as the second valve moves towards and occupies its 
second position. Preferably, the channels are branches of a single pressure fluid 
conduit in the pressure fluid circuit, said branches being arranged upstream 
and downstream each individual pair of valves. However, it should be realised 
that a large number of alternative embodiments of the very pressure fluid circuit 
and the conduit system included therein are within the scope of the invention. 

According to the invention, the pressure pulse generator comprises means for 
controlling the transition of the valves between their first and second positions, 
said control means being arranged to mutually displace, in time, the transition 
between the first and second position for the valves of the respective pair of 
valves. By means of a displacement in time of the activation of the movement of 
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the valves included in a pair of valves between their respective positions, the 
time during which it is possible to keep any one of the two channels that con- 
nect the valves open for pressure fluid passage in connection to the change of 
the positions of the two valves can be varied. 

Preferably, the control means comprise an electronic device arranged to control 
the activation or deactivation of one or more electromagnets for the purpose of 
affecting and moving the valves of the pair of valves, i.e. the valve bodies (slides), 
between their closing and opening positions, respectively. Preferably, the control 
means may be arranged to receive input from, for instance, sensors or the like 
and adjust the time displacement based on such input. The means may also 
comprise a program sequence in a computer program for controlling and emit- 
ting control signals to the valves of the pressure pulse generator, or, more pre- 
cisely, to the electromagnets that operate the movements of the valves. 

According to a preferred embodiment, the pressure pulse generator also com- 
prises a cylinder unit and a piston that is displaceably arranged in the cylinder 
unit, said at least one communication channel being connected to the cylinder 
unit in such a way that the pressure fluid in the circuit can flow into and out of 
the interior of the cylinder through said communication channel in order to ac- 
complish a displacement of the piston in the cylinder unit. A piston return 
means, for example, compression spring, is preferably provided in order to apply 
a pressure on the piston in a direction opposite to the one in which the piston is 
displaced when a pressure pulse is generated as a pressure fluid with a higher 
pressure is permitted to pass the first, upstream pair of valves. The piston re- 
turn means is permitted to contribute to a return of the piston to a start posi- 
tion by letting the second, downstream pair of valves be opened for pressure 
fluid passage during a sequence following the flow sequence described above. 
The movement of the piston can, in its turn, be used for controlling or operating 
any mechanical device. 

According to one embodiment, the piston is connected to a valve of a combus- 
tion engine and the movement of the piston is transmitted to an opening or 
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closing movement of the valve of the combustion engine. The control means 
mentioned above thereby preferably control the activation and deactivation of 
said electromagnets based on the position of a crank shaft of the combustion 
engine. 

The invention also relates to the initially defined method for controlling a pres- 
sure pulse generator, said method being characterised in that it comprises: 

- controlling, by means of electrical signals, the valves of a first pair and a sec- 
ond pair of valves that are connected in series, according to a certain sequence, 

- the first pair of valves being arranged in said circuit upstream the at least one 
communication channel, and 

- said second pair of valves being arranged in said circuit downstream the at 
least one communication channel. 

The fact that the valves are arranged in pairs and that the opening and closing 
of the individual valves is performed in accordance with a predetermined se- 
quence may be taken advantage of in order to shorten the time required for the 
opening and subsequent closing of a. pair of valves for the passage of a pulse of 
the pressure fluid, as in comparison to when only individual valves are arranged 
instead of said pair of valves. Preferably, the pair of valves comprise two active 
valves or valve bodies that are moved in opposite directions in order to simulta- 
neously, during a short moment, permit passage of a pressure fluid through one 
or more parallel channels that form the portion of the pressure fluid circuit con- 
duit where the valves are arranged. 

The valves of the first pair of valves are controlled, during a first period, to open 
for a flow of the pressure fluid in a direction out of the circuit through the com- 
munication channel, while at least one of the valves of the second pair of valves 
is kept closed in order to prevent fluid from passing the second pair of valves. 
During a second period, the valves of the second pair of valves are opened for 
permitting a flow of the pressure fluid back to the circuit via the communication 
channel and to pass at least one of these valves, while at the same time at least 
one of the valves of the first pair of valves is kept closed in order to prevent fluid 
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from passing the first pair of valves, In that way, a pressure pulse is permitted 
to affect any object or any mechanical device to perform a back and forth move- 
ment. 

The valves of each pair of valves are connected by two separate, parallel chan- 
nels that lead from a first valve of the pair of valves to the second valve of the 
pair of valves, and a first one of the pair of valves is opened for passage of fluid 
through a first one of these channels and closed for passage of fluid in the sec- 
ond channel while, at the same time, the second valve is opened for fluid pas- 
sage in the second channel but is kept closed for preventing passage of fluid in 
the first channel. The change of the positions of the two valves is preferably 
controlled in such a way that the valves, simultaneously during a short period, 
hold one of the two channels open for passage of the pressure fluid. As the 
valves, preferably electromagnetically controlled slide valves, thereby move in 
opposite directions, said period can be made very short. 

During the change of the position of the respective valves of the pair of valves, the 
moment at which an electrical signal is given for activation of a first electromagnet, 
that operates a displacement of the first one of the valves, is controlled in relation to 
the moment at which a second electrical signal is emitted for activation of a second 
electromagnet that operates a displacement of the second valve, based on the re- 
quested length of time of the pressure fluid pulse that is thereby generated via the 
open channel. 

The invention also relates to a pressure pulse generator, comprising a pair of 
valves that comprises a first valve and a second valve, characterised in that the 
first valves and the second valves are connected by means of two parallel chan- 
nels that lead from a first valve of the pair of valves to a second valve of the pair 
of valves, and that each valve is arranged to execute a closing or opening of each 
channel . Preferably, the pressure pulse generator element has the features that 
have been described above for each one of the pair of valves included in the 
pressure pulse generator, and is preferably controlled in any of the ways that 
have been described above for said pair of valves. 
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Further features and advantages of the invention will be seen in the following 
detailed description and in the enclosed patent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Hereinafter, the invention will be described by way of example with reference to 
the annexed drawings, on which 

Fig. 1 is a schematic view of a first embodiment of the pressure pulse generator 
according to the invention; 

Fig. 2 is an enlarged cross-section of a pressure pulse generator element of the 
pressure pulse generator in Fig. 1, in a first position; 

Fig. 3 is an enlarged cross-section of the pressure pulse generator element ac- 
cording to Fig. 2, in a second position; 

Fig. 4 is a schematic cross-section of a further development of the embodiment 
according to Fig. 1; 

Fig. 5 is a schematic cross-section of another embodiment of the invention, in a 
first operative position; and 

Fig. 6 shows the embodiment according to Fig. 5 in a second operative position. 
DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a schematic cross-section which shows a pressure pulse generator ac- 
cording to the invention, the pressure pulse generator being connected to a 
valve 1 in a combustion engine. One of the cylinders of the engine is slightly 
suggested in the Figure and has been given the reference numeral 2. The valve 1 
may be an intake or exhaust valve. The valve body itself, which is provided to be 
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bearing on a valve seat (not shown) when in its closed position, is connected via 
a shaft 3 to a piston 4 that is arranged in a second cylinder 5, which, preferably, 
is arranged outside and adjacent the cylinder 2. 

The pressure pulse generator comprises a first and a second pressure pulse ge- 
nerator element 6, 7. Each such element 6, 7 comprises a first and a second 
valve 8. 9 and 10, 11, respectively, and is arranged in a pressure fluid circuit 
12. The pressure fluid circuit is constituted by one or more conduits for con- ■ 
ducting and transporting a pressure fluid therein. 

Preferably, the pressure fluid circuit 12 is generally closed, and a pressure gen- 
erating member 14 is arranged to generate a pressure of a pressure fluid ac- 
commodated in the circuit. The pressure generating member 14 may be a com- 
pressor or any other type of pump member suitable for this objective. In the cir- 
cuit, the pressure fluid is flowing from the high pressure side of the pressure 
generating member, where pressure PI exists, to the low pressure side thereof, 
where pressure P2 exists, and P1>P2. P2 may be atmospheric pressure, and the 
circuit may, if requested, be open downstream the second pressure pulse generat- 
ing element 7. The invention also includes the possibility of keeping the circuit 12 
open or closed depending on outer factors such as the rpm or load of the combus- 
tion engine. 

Preferably, the pressure fluid is a gas or a gas mixture. In the disclosed, preferred 
embodiment, the pressure fluid is at least to a major part comprised by air. The 
pressure pulse generator thereby defines a pneumatic pressure pulse generator. 

Via a communication channel 15, the circuit 12 is connected to a chamber 13 in- 
side the cylinder 5, said chamber being provided on the opposite side of the piston 4 
in relation to the shaft 3. The pressure pulse from the circuit that results in pres- 
sure fluid being delivered to the chamber 13 will result in a displacement of the 
piston 4 and, accordingly of the valve 1. Such a pulse is created when the positions 
of the valves 8, 9 of the first pressure pulse generator element 6 are changed, as will 
be described more in detail later. 
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With reference to Figs. 1 to 3, the principle of generating a pressure pulse by means 
of a pressure pulse generating element 6, 7 according to the invention will now be 
described. The principle for generating a positive pulse by the opening of the first 
element 6 is also relevant for the opposite case, that is, that a negative pulse will be 
generated by means of opening the second element 7. 

Each pressure pulse generator element 6, 7 comprises a first and a second channel 
16, 17, said channels being arranged in parallel and formed by a local branching of 
the main conduit of the circuit 12 at the site of the pressure pulse generating ele- 
ment. Each pair of valves is arranged at the region of the parallel channels 16, 17, 
and each individual valve is arranged to permit the passage of pressure fluid 
through one of the channels while at the same time preventing passage through the 
other one of said channels. The valves or valve bodies 8-11 comprise a magnetic 
material and are controlled by means of electromagnets that are suggested in Fig. 1 
and have been given reference numerals 18-21. The valve bodies are displaceably 
arranged in a direction cross-wise to the channels 1 . In this embodiment, they are 
designed as discs that comprise at least one hole 22 that, in a first position of the 
valve is positioned in front of and opens for pressure fluid passage in a first channel 
of said channels 16, 17, and, in a second position, closes for preventing flow 
through the first channel 16 but being positioned in front of and opening for pas- 
sage of a pressure fluid in the second of said channels 16, 17. 

The valves are bistable, which means that they will rest in the first or second posi- 
tion if there is no activation of any of the electromagnets 18-21. One valve or valve 
body 8-11 of a pair of valves 6, 7 is arranged to move towards and occupy the first 
position while the other valve moves towards and occupies a second position. A 
pressure pulse is generated as the positions of the two valves 8, 9 and 10, 1 1 re- 
spectively are changed such that, during a short moment, a passage of fluid is per- 
mitted through one of the channels 16, 17. By means of a time displacement of the 
movement of the valve bodies in connection to such a change, it is possible to let 
the valve bodies keep any one of the channels 16, 17 open for a shorter or longer 
period of time. In that way, the duration of the pressure pulse can be controlled to 
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be longer than if no simultaneous opening of any one of the channels is performed 
during the change. The amount of pressure fluid delivered is, apart from the 
amount due to any simultaneous opening of any channel, also depending on the 
volume in each channel between the valve bodies. The invention includes a time 
displacement of the initiation of the movements of the valve bodies 8-11 in order to 
control the pulse length. In the case when the pressure pulse generator is con- 
nected to and controls the movement of one or more valves in a combustion engine, 
the time displacement is based on any suitable operation parameter of the engine, 
such as the rotational speed of the engine. Preferably, the volume of the channels is 
minimised to enable a pressure fluid consumption as low as possible. 

The pulse lengths can also be varied by means of the inventive pressure pulse gen- 
erator through a mutual displacement of the moment at which the two valves 8-11 
of a pair of valves are activated. The activation is performed by emitting a signal 
that initiates the magnetising of one of the electromagnets 18-21, thereby accom- 
plishing a displacement of the valve body 8-11. The signal can be emitted from any 
control means, and, in this case, it is based on the position of a crank case belong- 
ing to the combustion engine. 

A means 23 for returning the piston 4 to its upper position or start position is pro- 
vided in accordance with the invention. The displacement of the piston 4 requires 
that the pressure of the pulse of fluid generated through the change of positions of 
the valve bodies 8, 9 of the first pressure generating element 6 is sufficient in order 
to make the force that is applied by the pressure fluid on the side of the piston 4 
that is directed towards the chamber 13 exceed the force applied by the piston re- 
turn means 23 on the piston 4 in an opposite direction. The piston return means 23 
is, in Fig. 1, a compression spring but may comprise a gas accommodated in the 
chamber 24 in the cylinder 5 arranged on the apposite side of the piston 4 with re- 
gard to the chamber 13. Preferably, the cylinder 5 should, in such a case, be con- 
nected to a gas container or the like in order to enable a variable pressurising of the 
gas contained in the cylinder 5, 
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Another possible solution, schematically shown in Fig, 4, includes a second pres- 
sure pulse generator, generally represented by the reference numeral 25 and corre- 
sponding to the first pressure pulse generator that has been described above, and 
connected to the chamber 24 and provided to generate pressure pulses for return- 
ing the piston in connection to the release of the pressure fluid from the first cham- 
ber 13 through activation or an opening of the second pair of pressure valves 10, 
11. In a corresponding way, by means of change of position of the valve bodies, as 
described above, a downstream pair of valves of this second pressure pulse gen- 
erator is opened for the purpose of releasing the pressure fluid from the chamber 24 
while the first pressure pulse generator element 6 is activated for letting in a flow of 
pressure fluid into the first chamber 13. 

A further embodiment of the invention is shown in Figs. 5 and 6, This embodiment 
is a simplification of the embodiment described earlier in the respect that the valve 
bodies or discs 8, 9 of each pair of valves 6, 7 are interconnected with one single 
channel 26. The valve bodies 8, 9 are arranged to operate principally in the same 
way as has been described in the first embodiment, that is, to occupy opposite, 
closed and opened positions with respect to passage of fluid through the channel 
26. This more simple embodiment results in a dissymmetry in pulse lengths. If 
control signals for position change of the slide valves 8 and 9 are delivered with the 
same frequency, a dissymmetry that decreases with a decreased distance between 
the valve bodies 8, 9 is obtained. The resulting difference may be largely compen- 
sated by means of measures taken in the program software responsible for the fre- 
quency control. 

It should be realised that the embodiments described above have been given by way 
of example and that a plurality of alternative embodiments will be obvious for men 
skilled in the art without thereby leaving the scope of the invention, as the latter is 
defined in the enclosed patent claims supported by the description and the draw- 
ings. 

For example, the invention includes that the electromagnetic operation of the valve 
bodies 8-1 1 can be supplemented with any further operation. For example, a pilot 
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valve may be arranged in order to control a pressure fluid, such as air, to contribute 
to the operation/ position change of the valve bodies between the stabile first and 
second positions, and also in order to keep the valve bodies in these positions. The 
pilot valve is then preferably operatively connected to the same control means as 
those that control the electromagnets 18-21 of the pressure pulse generator. 

The invention also comprises the possibility of controlling the size of the pressure 
pulse to control the length of displacement of the valve of a combustion engine 
based on any operative parameter of the engine, preferably the load of the engine. 

The invention comprises and also enables transition between two- stroke operation 
and four- stroke operation of an internal combustion engine during operation 
thereof through a control of the valve movements by means of the inventive pres- 
sure pulse generator and/or one or more of the inventive pressure pulse generator 
elements. 

It should also be realised that the pressure return means 23 may be arranged on 
any side of the piston 4, and that the magnet members 18-2 1. that are used may be 
of different designs and that the number thereof and the position thereof can differ 
from what has been shown above without thereby going beyond the invention. 

Further, it should be mentioned that the number of electromagnets, suggested as 
18, 19, 20 and 21 in the Figures, could be reduced by 50% but that the symmetry 
and stability of the function of the pressure pulse generator elements 6, 7 thereby 
will be decreased. Thereby, the pressure pulse generator elements would however 
be less expensive to manufacture. 

The 50% reduction can be achieved by associating each valve body 8, 9 to one elec- 
tromagnet in order to be activated as a result of an electric signal. The other elec- 
tromagnet can be replaced by a return spring, for example made of metal or de- 
signed as a gas spring. The slide valve is still bistable, as it occupies one of two pos- 
sible positions in order to enable the generation of pressure pulse when the valve 
bodies 8, 9 are connected in series as suggested by the invention. When an electric 
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signal is delivered., the electromagnet of the respective valve body 8, 9 is activated 
and a change of position is initiated. During the change of position energy is stored 
in the return spring. The electrical signal, an electric voltage, is applied until a full 
change of position has taken place and ever on until the slide valve is to be re- 
turned to its first position. When the electric signal stops, the energy in the return 
spring is released and a change of position takes place. 

The lack of symmetry and stability is due to the electromagnet and the return 
spring not being able to or only with large difficulty being able to behave similar to 
each other during the change of position. Accordingly, there will be a different time 
for change of position for the two position changes. This difference may however be 
compensated for by means of measures taken in the software that controls and 
plans the time for application and removal respectively of the electrical signals to 
the electromagnets. By means of more accurate software, the differences can be 
compensated for to such a degree that they are of no importance, also when the 
requirements are very high, as for example in connection with control of the valve of 
an international combustion engine according to the embodiments of the present 
patent application. 

Finally, it should be mentioned that the pressure pulse generator and the pressure 
pulse generator element according to the invention preferably can be used in a fuel 
injection system, more precisely direct injection systems, and for direct injection of 
any other fuel, for example water or steam, in engines and other devices. The pres- 
sure fluid may, accordingly, be a liquid, such as hydraulic oil or water, as well as 
air or a gas, depending on the application field. 

It should be emphasised that the valves in the two pairs of valves, upstream as well 
as downstream the communication channel, are active valves, that is, magnetically 
activatable valves, and should not be confused with passive valves such as one-way 
valves. 
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Claims 

1. A pressure pulse generator comprising 

- a circuit (12) filled with pressure fluid arid 

- at least one communication channel (15) thai is connected to the circuit (12) 
and through which the pressure fluid can flow into and out of the circuit (12), 
characterised in that it comprises 

- a first pair (8,9) and a second pair (10, 11) of electrically controlled valves that 
are connected in series, and 

- that the first pair of valves (8,9) is arranged in said circuit (12) upstream the at 
least one communication channel (15), and 

- that the second pair of valves (10,11) is arranged in said circuit downstream 
the at least one communication channel (15). 

2. A pressure pulse generator according to claim 1, characterised in that 
the first and second pairs of valves (8,9,10,11) comprise slide valves. 

3. A pressure pulse generator according to claim 1 or 2, characterised in 
that the first and second pairs of valves (8,9, 10, 1 1) comprise electromagnetically 
controlled valves. 

4. A pressure pulse generator according to any one of claims 1-3, charac- 
terised in that each of the valves (8,9,10,1 1) is bistable. 

5. A pressure pulse generator according to any one of claims 1-4, charac- 
terised in that the valves of each pair of valves (8,9, 10,1 1) are connected by 
means of two separate, parallel channels (16, 17) that lead from the first valve 
(8,9) of the pair of valves to a second valve (9, 1 1) of the pair of valves and that 
each valve (8,9, 10, 1 1) is arranged to execute the closing and opening of each 
channel (16,17). 

6. A pressure pulse generator according to claim 5, characterised in that 
the valves (8,9, 10, 1 1) of the pair of valves are arranged to occupy a first position 
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in which they close a first one of said channels (16,17) and open a second one of 
said channels (16,17), and a second position in which they open the first chan- 
nel and close the second channel 

7. A pressure pulse generator according to claim 6, characterised in that 
the first valve (8,9) of each pair of valves is arranged to occupy its first position 
at the same time as the second valve (9,10) occupies its second position, 

8. A pressure pulse generator according to claim 7, characterised in that it 
comprises a means for controlling the transition of the valves (8,9,10,11) be- 
tween their first and second positions, said control means being arranged to 
displace the moment of transition between the first and second positions for the 
valves (8,9, 10, 1 1) of the respective pair of valves. 

9. A pressure pulse generator according to any one of claims 1-8, charac- 
terised in that said control means comprise an electronic device arranged to 
control activation and inactivation of one or more electromagnets (18-21) for ef- 
fecting and moving the valves (8,9,10, 11) of the pair of valves between their re- 
spective closing and opening positions. 

10. A pressure pulse generator according to any one of claims 1-9, charac- 
terised in that it comprises 

- a cylinder unit (5) and 

- a piston (4) that is displaceably arranged in the cylinder unit (5), said at least 
one communication channel (15) being connected with the cylinder unit (5) in 
such a way that the pressure fluid in the circuit (12) can flow into and out of the 
interior of the cylinder unit (5) through said communication channel (15) in or- 
der to accomplish a displacement of the piston (4) in the cylinder unit (5). 

11. A pressure pulse generator according to claim 10, characterised in that 
the piston (4) is connected to a valve (1) of a combustion engine, and that the 
movement of the piston (4) is transmitted to an opening or closing movement of 
the valve (1) of the combustion engine. 



BNSDOCiD <WO 020479OA1.J._> 



BNS oaqe 18 



WO 02/04790 



PCT/SEO 1/0 1598 



17 

12. A pressure pulse generator according to claim 11 and any one of claims 
8 or 9, characterised in that the control means control the activation and inac- 
tivation of said electromagnets (18-21) based on the position of a crank shaft of 
the combustion engine. 

13. A pressure pulse generator according to any one of claims 1-12, charac- 
terised in that the pressure fluid in said circuit (12) comprises a gas or a gas 
mixture. 

14. A pressure pulse generator according to any one of claims 1-13, charac- 
terised in that the pressure fluid in said circuit (12) comprises air. 

15. A pressure pulse generator according to any one of claims 1-14, charac- 
terised in that said circuit (12) is a generally closed circuit. 

16. A method for controlling a pressure pulse generator comprising 

- a circuit (12) filled with a pressure fluid, and 

- at least one communication channel (15) that is connected to the circuit (12) 
and via which the pressure fluid can flow into and out of the circuit (12), 
characterised in that it comprises 

- controlling, by means of electrical signals, the valves of a first pair (8,9) and a 
second pair (10,11) of valves that are connected in series, according to a certain 
sequence, 

- the first pair of valves (8,) being arranged in said circuit (12) upstream the at 
least one communication channel (15), and 

- said second pair of valves (10,11) being arranged in said circuit (12) down- 
stream the at least one communication channel (15). 

17. A method according to claim 16, characterised in that, during a first 
period, the valves (8,9) of the first pair of valves are controlled to open for a flow 
of pressure fluid out of the circuit (12) via the communication channel (15), 
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while, at the same time, at least one valve of the second pair of valves (10,1 1) is 
kept closed in order to prevent, fluid from passing past the second pair of valves, 

18. A method according to claim 16 or 17, characterised in that, during a 
second period, the valves of the second pair of valves (10,1 1) are controlled to 
open for a flow of the pressure fluid into the circuit (12) via the communication 
channel (15) and past at least one of these valves, while at least one of the 
valves of the first pair of valves (8,9) is kept closed in order to prevent fluid from 
passing the first pair of valves. 

19. A method according to any one of claims 16-18, characterised in that 
the valves (8,9, 10,11) of each pair of valves are connected by means of two sepa- 
rate, parallel channels (16,17) that lead from a first valve (8,10) of the pair of 
valves to a second valve (9, 1 1) of the pair of valves, and that a first valve (8, 10) 
of the pair of valves is open for fluid passage through a first channel (16) of 
these channels and closes for fluid passage in the second channel (17), while, at 
the same time, the second valve (9,11) is opened for fluid passage in the second 
channel (17) and is kept closed for fluid passage in the first channel (16). 

20. A method according to claim 19, characterised in that, during the first 
and second period, respectively, the positions of the valves (8,9,10,11) of the 
pair of valves are interchanged, and in that the interchange is controlled such 
that both valves, during at least a part of said time period, will simultaneously 
open for passage of pressure fluid in one and the same of the channels (16,17). 

21. A method according to claim 20, characterised in that the valves com- 
prise electromagnetically controlled slide valves (8,9,10,11), and that, at the 
moment of interchange of the respective positions of the valves (8,9,10, 1 1) of the 
pair of valves, the moment at which an electrical signal is emitted for activation 
of a first electromagnet (18-21), accomplishing a displacement of the first of the 
valves, is controlled in relation to the moment at which a second electrical sig- 
nal is emitted for activating the second electromagnet that accomplishes a dis- 
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placement of the second valve, based on the requested time length of the pres- 
sure fluid pulse that is thereby generated via the open channel (16 or 17). 

22. A pressure pulse generator element, comprising a pair of valves 
(8,9,10,11) that comprises a first valve (8,10) and a second valve (9,11), charac- 
terised in that the first valves (8, 10} and the second valves (9,1 1) are connected 
by means of two parallel channels (16,17) that lead from a first valve (8,10) of 
the pair of valves to a second valve (9,1 1) of the pair of valves, and that each 
valve (8,9, 10, 1 1) is arranged to execute a closing and opening of each channel 
(16,17). 

23. A pressure pulse generator element according to claim 22, character- 
ised in that said valves (8,9,10, 11) are electromagnetically controlled slide 
valves. 

24. A pressure pulse generator element according to claim 22 or 23, charac- 
terised in that each individual valve (8,9,10,11) is arranged to close one of said 
channels (16,17) for passage of pressure fluid through the valve in this channel 
at the same time as it is open for passage of pressure fluid through the valve in 
the other channel. 



Nsnncm' <wo 




SNSDOCID <WO 0204790A1 J_> 



BNS paqe 22 



WO 02/04790 PCT/SEO 1/0 1508 

2/6 




Nsnor.rn- «-wo 



0004700 a 1 i 



RNS nan a ?3 



\VO 02/04790 



3/6 



PCT/SEO 1/0 1598 




<5N 



CD 



s 
\ 



r-4 

04 



Osl 



m 
en 



BNSDOCID: <WO._ 



_0204790A1_I_> 



BNS page 24 




..T>n47anai i 



WO 02/04790 



5/6 



PCT/SE01/01598 




BNSDOC1D: <WO 020479OA1 „L> 



BNS oaqe 26 



WO 02/04790 



6/6 



PCT/SE01/01598 




09n47QftAt I 



INTERNATIONAL SEARCH REPORT 



International application N'o. ; 

PCT/SE 01/01598 



A. CLASSIFICATION OF SUBJECT 1 MATTER 
IPC7: FOIL 9/02 ^ 



B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC7: FOIL 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI»N0 classes as above . .' 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


EPO-INTERNAL 






C. DOCUMENTS CONSIDERED TO BE RELEVANT . . ' 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 5638781 A (CLE. STURMAN) , 17 June 1997 
(17.06.97), figures 1-8, abstract 




A 


US 6024060 A (H.W. BUEHRLE, II ET AL), 

15 February 2000 (15.02.00), figures 1-8, 
abstract . 




A 


US 6044815 A (W. OE OJEDA) , 4 April 2000 
(04.04.00), figures 1-5, abstract 




A 


WO 9961828 Al (UNITED STATES ENVIRONMENTAL 

PROTECTION AGENCY) , 2 December 1999 (02.12.99), 
figures 1-9, abstract 




Further documents are listed in the continuation of Box C. See P atent fem&y annex. 


* Special categories of cited documents 

"A" document denning the general state of the art which is not considered. 

to he of particular relevance 
"E" earlier application or patent but published on ox after the international 

filing date 

*L* document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

•Q" document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international aling date but later than 
the priority date claimed 


T* later document published after the international filing date or priority 
date and not in conflict mth the application but cited to understand 
the principle or theory underlying the invention 

*X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an invective 
step when the document is taken alone 

*Y* document of particular relevance: the claimed invention cannot be 
considered, to involve an inventive step when the document is 
combined ! *ith one or more other such documents* such combination 
being obvious to a person skilled in the art 

document member of the same patent family 


Date of the actual completion of the international search 

5 October 2001 


Date of mailing of the international search report 

0 9 -10- 2001 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 


Authorized officer 

Dan Ionesco / MRo 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1998) 



BNSDOCID: <WO 



0204790A1 !..> 



BNS oaqe 28 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



International application No. 
PCT/SE 01/01598 



Patent document . 
cited in search report 


Publication 
date 


Patent family 
member(s) 


P 11 "h 1 1 f TOP? 

date 


US 5638781 


A 


17/06/97 


AU 


572^096 A 


29/11/96 








EP 


0830496 A 


25/03/98 








GB 


2314589 A,B 


07/01/98 








GB 


2331124 A,B 


12/05/99 








uD 


•3 f b&OOi Li 


00/00/00 












uu/ uu/ uu 










QQ0127Q n 


00/00/00 








UK 

ITlv 


JL w U / O *J /% 


00/00/00 








JD 

wr 


iiciiaw t 


12/10/99 








US 


5713316 A 


03/02/98 








US 


5960753 A 


05/10/99 










1 4.R77A A 

OiTU / / O t\ 


21/11/00 










ox / aoo%# o 










ff u 




21/11/96 


US 6024060 


A 


15/02/00 


AU 


4865099 A 


01/02/00 








BR 


9911973 A 


27/03/01 








EP 


1094744 A 










US 


6173684 B 


16/01/01 








US 


2001006049 A 


05/07/01 








WO 


0002480 A 


20/01/00 


US 6044815 


A 


04/04/00 


AU 


5903699 A 


27/03/00 








EP 


1119690 A 


01/08/01 








US 


6263842 B 


24/07/01 








WO 


0014388 A 


16/03/00 


WO 9961828 


Al 02/12/99 


AU 
EP 


4194399 A 
1084360 A 


13/12/99 
21/03/01 



<Mfinnrin- ^wn 



Form PCT/ISA/21Q (patent family annex) (July 1998) 



